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CODE: who we are?

 






Astronomisches Institut der Universität Bern (AIUB)

 
Bundesamt für Landestopographie swisstopo

 
Bundesamt für Kartographie und Geodäsie (BKG)

 
Institut für Astronomische und Physikalische Geodäsie, 
TU München (IAPG, TUM)

 
operational since 1992, located at the University of Bern

 
contributions to all product lines of the IGS
 from a rigorous multi-GNSS processing 





all products are generated using the Bernese GNSS 
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IGS: Internation GNSS Service

 




 The Multi-GNSS Experiment (MGEX) has been set-up 
by the IGS to track, collate and analyze all available 
GNSS signals. This includes signals from the BeiDou, 
Galileo and QZSS systems, as well as from 
modernized GPS and GLONASS satellites and any 
space-based augmentation system (SBAS) of 
interest. Analysis centers will attempt to estimate 
inter-system calibration biases, compare equipment 
performance and further develop processing 





















































































































Call for Participation in August 2011

 
Start of the project in February 2012

 
First results have been exchanged at the IGS 
workshop in Olsztyn, Poland (end of July 2012).

 
In important update is expected at the next IGS 
workshop in Pasadena, USA (end of June 2014).

 
Further information about MGEX:
 Montenbruck O., Steigenberger P., Khachikyan R., Weber G., 
Langley R.B., Mervart L., Hugentobler U., "IGS-MGEX: Preparing 
the Ground for Multi-Constellation GNSS Science", InsideGNSS 
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tracking stations are included.
 (Some selection is only done in Europe.)

 
The network is completed by the GPS+GLONASS 
tracking sites typically used in the CODE rapid 
solution for the IGS (about 120 stations).

 





 The CODE MGEX solution is updated in batches –
 
no 
operational processing. Each batch is carefully 
studied before the publication; next steps for the 
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CODE MGEX solution: station selection
Number and distribution of tracking stations 
















































































































Num. of stations: GPS: 145-150 GLONASS: 125 Galileo: 30-35
Num. of observ. 
per sat. and day 22,000-25,000 18,000-20,000 1,500-5,000
Slide 9 Astronomical Institute University of Bern
CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
















































































































Slide 17 Astronomical Institute University of Bern
CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: ground tracks
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CODE MGEX solution: station selection
Number and distribution of tracking stations 
















































































































Num. of stations: GPS: 145-150 GLONASS: 125 Galileo: 30-40
Num. of observ. 
per sat. and day 22,000-25,000 18,000-20,000 4,000-6,500
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CODE MGEX orbit solution: overview
GNSS considered: GPS + GLONASS + Galileo
 
(up to 60 satellites)
Processing mode: post-processing
Timespan covered: GPS-weeks 1689–1746 (DOY 12/146–13/180)
Number of stations:150 (GPS + GLONASS), 30 -
 
40 (Galileo)
Processing scheme: double-difference network processing 
(observable: phase double differences)
Signal frequencies: L1+ L2 (GPS + GLONASS), 
E1 (L1) + E5a (L5) (Galileo)
Orbit characteristic: 3-day long arcs
Reference frame: IGS08 (until week 1708); IGb08 (since week 1709)
IERS conventions: IERS2003 (until 1705); IERS2010 (since 1706)
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Orbit solution day nOrbit solution day n-1 Orbit solution day n+1
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Orbit validation: overlaps 
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Orbit validation: overlaps 
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Orbit validation: overlaps 
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Orbit solution day nOrbit solution day n-1 Orbit solution day n+1
Orbit solution day nOrbit solution day n-1 Orbit solution day n+1
Extracted orbit for day nExtracted orbit for day n-1 Extracted orbit for day n+1
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Orbit validation: three-day orbit fit




















































































































Slide 29 Astronomical Institute University of Bern
Orbit validation: three-day orbit fit
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Orbit validation: three-day orbit fit
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Orbit validation: SLR residuals 
















































































































Arc length GPS GLONASS Galileo
1 day 3.5 cm 4.8 cm 9.6 cm
3 days 3.5 cm 4.6 cm 8.5 cm
5 days 3.6 cm 4.6 cm 9.4 cm
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Orbit validation: SLR residuals 
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Orbit validation: SLR residuals 
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Orbit validation: SLR residuals 
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CODE MGEX clock solution: overview
GNSS considered: GPS + Galileo
 
(up to 36 satellites)
Timespan covered: GPS-weeks 1710–1746 (DOY 12/288–13/180)
Number of stations: 150 (GPS), 30 -40 (Galileo)
Processing scheme: zero-difference network processing (code+phase)
Signal frequencies: L1+L2 (GPS); E1(L1)+E5a (L5) (Galileo)
A priori information: orbits, ERPs, coordinates, and troposphere from 
CODE MGEX orbit solution introduced as known
Reference frame: IGb08
IERS conventions: IERS2010
Product list: epoch-wise (300s) satellite and station clock corrections 
in daily clock RINEX files; daily GPS-Galileo inter-system 
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CODE MGEX clock solution 
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CODE MGEX clock solution 
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CODE MGEX clock solution 
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PPP, static mode (DOY 2013: 075 –
 
084)
Difference to CODE MGEX network solution (threshold 3 dm): 
















































































































Station North [mm] East [mm] Up [mm]
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PPP, static mode (DOY 2013: 075 –
 
084)
Difference to CODE MGEX network solution for station ZIM3: 
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PPP, kinematic mode (DOY 2013: 075 –
 
084)
Difference to CODE MGEX network solution (threshold 1 m): 
















































































































Station North [mm] East [mm] Up [mm]
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PPP, kinematic mode (DOY 2013: 075 –
 
084)
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PPP, kinematic mode (DOY 2013: 075 –
 
084)
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The analysis of IGS MGEX data is very useful for 
understanding, integration, and exploitation of the 
new GNSS signals and systems.

 
CODE provides a MGEX-based, fully integrated, 
triple-system orbit solution: GPS+GLONASS+Galileo

 
Galileo orbits dramatically benefit from long arcs:

 
the inhomogeneous station distribution and 

 
its long orbit revolution time (>>12h)

 
CODE MGEX clock solutions are available and can be 





































































































































of an operational MGEX processing
 
chain
 (at least for
 
Galileo)

 
Understanding
 
of the
 
orbit
 
models
 
for
 
the
 
new
 satellites
 
(SNF-project
 
just started)
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